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DESCRIPTION; 

Background of the invention Please summarize: 

1) Technical problems overcome to make the invention, 

2) What your invention enables people to do that couldn't be done as well before, 

3) How people currently address the problem your invention addresses. 



See Attached. 



Summary of the Invention Please include a sketch of the invention If possible (you may attach extra pages): 



List uses of the invention - research, commercial, pilot plant, etc.: Think as broadly as possible. 
Identify companies that might be interested in licensing this technology. 

Because the invention establishes an anaerobic environment to carry out dissimilalory sulfate reduction using organic waste produced 
by tt&h, it should be applicable for ANY marine recirculated system. 
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Background and Summary: 



The ability to effectively manage nutrient wastes in recirculating marine aquae ulture 
systems is key to efficiently control these systems and limit the amount of water exchange 
necessary to maintain a high degree of water quality. Nitrogenous wastes aie eliminated through 
the action of nitrifying and denitrifying biofilter units that rely on oxygen and reduced organic 
compounds, respectively, for their activity. In a previous invention disclosure (Provisional U.S. 
Patent Application No. 60/335,024) we described the stimulation of denitrification in a 
recirculated aquaculture bead biological filter by the addition of a slow-release carbon source. 
For that application, the carbon source (glucose polymers) was necessary to provide reducing 
equivalents to both decrease oxygen availability (making the system anaerobic) and driving the 
denitrification process, as exemplified in the following equation: 

Glucose + 4.8 NOj" + 4.8 H* ^ 6 CO^ + 2.4 (gas)+ 8.4 H^O AG"' = -2660 kj 

For this process, nitrate (NOj ) is provided by the oxygen-dependent nitrification reaction 
that occurs within the aerobic compartment of the biofilter and is a result of oxidation of 
ammonia (NH4*), the metabolic waste product offish, to nitrate via a nitrite (NOj) intermediate, 
as follows: 

NH4+ + 1 .5 Oj -» NO,- + 2H* + HjO A G"^ = -274 kJ 

N02- + 0.5 -> NO,- A G"^ = -74. 1 kJ 

Bacteria aie responsible for both nitrification and denitrification pixjcesses and we have 
demonstrated the presence of both nitrifying and denitrifying organisms in our system. 

A major goal of developing an efficient wastewater filtration system is to decrease the 
frequency and amount of water exchanges necessary to maintain water quality. Decreasing this 
exchange not only saves on costs associated with replenishing water and salt (for marine 
systems) but also minimizes the level of nitrogen-rich waste that would be discharged into the 
environment. One significant source of water loss occurs during the removal of organic waste 
matter that arises from both fish excretion and uneaten food. Organic material is generally 
removed mechanically to avoid their consumption by bacteria, which dissipates oxygen and 
results in the buildup of toxic ammonia and noxious gases, such as hydrogen sulfide. This 
process is examplifed by the following reaction, where acetate (CH3COO ) is produced from the 
breakdown of fatty acids and sugars and sulfate (SO*^" ) is provided as a major divalent ion of sea 
water: 

CHjCOO- + SO/ + 3 -> 2 CO, H^S + 2 HP A G**^ = -57.5 kJ 

In this invention, we describe the potential of using the reducing capacity derived from 
organic waste degradation to drive denitrification in a marine recirculating fish system. We rely 
on coupling dissimilatory sulfate reduction to denitrification, as shown in the following 

equations: 

Coupling dissimilatory sulfate reduction to denitrification: 

5 HjS + 8 NOj- -> 5 804'- + N2 + 4H2O A G**^ = -3721.5 kJ 
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The system was established as follows (see accompanying diagiam): 

Two 4.2 tanks were operated with gilthead seabream, Sparus aurata, at a density of 
10-50 kg/m' and a feeding rate of 1%-1.6% body weight/day. The tanks were connected to a 2 
nitrifying moving bed bioreactor (MBB) with Inn' of polyethylene beads with specific surface 
area of 500 mVm^ (4.86 cm%ead). A flow rate of 8 mVhr was set to enable two exchanges of 
tank water per hour through the filter. Attached to this tank as a side loop was a 0.3 
cylindrical up-flow fixed bed biofilter filled with 0.2 of polyethylene beads for denitrification. 
This anaerobic biofilter component was set with a low flow rate of 0.1 mVhr (this set-up was 
described in Provisional U.S. Patent Application No. 60/335,024). Sludge (organic waste 
material) collection was carried out through a drum screen filter with bacicwash system that used 
tank water. Sludge and backwash water were collected in a 0.3 m' rectangular tank with 0.1 m' 
beads that provided a means for solids removal as well as substrate for bacterial colonization. 
Water from the sludge tank was pumped back into the system via the anaerobic biofilter and 
high-density sludge was collected and removed weekly. Ammonia, nitrite and nitrate levels as 
well as sulfate, sulfide, COD, pH and oxygen were monitored in each compartment. Our results 
indicated that the sludge/denitrifying filler sequence was very effective in stimulating nitrate 
removal. The denitrifying compartment removed as much as 40-70% of the nitrate load 
introduced from the system, which allowed for overall system nitrate concentrations to be 
maintained between 35-65 mg (NO,-N)/l during operation and enabled daily water exchange to 
be less than 1 % of total system volume. Stimulation of nitrate reducing activity was likely due, 
in part, to the presence of dissimilatory sulfate reduction activity that occurred during sludge 
waste decomposition; sulfide levels within the sludge compartment were as high as 60-80 mg/1 
and tlie redox potential reached values lower than -500 mV. On the other hand, effluent water 
from the denitrifying compartment showed no measurable sulfide and a redox potential between 
-50 and +100 mV. 

We believe that our invention allows for denitrification to be driven by the redox gradient 
between system compartments resulting in sulfate reduction (sulfide production), which, in turn, 
was utilized for nitrate reduction. This process has wide application for marine recirculating 
systems, where sulfate concenU-ation is not a limiting factor and minimizing water exchange is 
critical. 

Results for first 49 days of operation are shown in Figure 1. 
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N03-N and H2S levels 
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Figure 1. Nitrate-N levels for the tank system and levels for sulfide measured at the 
denitrifying compartment outlet (Den. Out) and sludge compartment. 
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